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PFESSURE SWITCH 
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NASA Drawing Numbers 10k34+43-18 and 10434443-6 

ABSTRACT 

This repor t  presents  t he  r e su l t s  of  t e s t s  performed on 3 specimens of  
Pressure Switch 1043L+l+43. The following t e s t s  were performed: 

1. Receiving Inspection 
2. Proof Pressure 
3. Functional 
4. Low Temperature 
5. High Temperature 
6. Humidity 

7. S a l t  Fog 
8. Ekplosion 
9. Vibration 

10. Cycle 
11. Burst Pressure 

Specimen 1 would not actuate  during t h e  func t iona l  t e s t  performed p r i o r  
t o  t h e  low temperature t e s t .  
adjustment screw was turned and r e se t .  

The u n i t  operated properly a f t e r  t h e  pressure 

The s e t  pressure d i a l  pointer  and blowout d i s c  of specimen 1 came loose 
a t  25 cps during t h e  Y - a x i s  s inusoidal  Search. A t  40 cps t h e  Plexiglas  lens  
ro ta ted ,  t h e  nameplate loosened, and t h e  Micro Switch COntact a m  bent dOWnward. 
"Bottomingll of t h e  specimen occurred a t  each frequency. A crack occurred i n  
t h e  cap i l l a ry  tubing of specimen 2 during t h e  X - a x i s  v ib ra t ion  tes t s  thereby 
making t h e  u n i t  inoperat ive.  
and cut during t h e  v ibra t ion  tests. 
evaluat ion and reconditioning. 

The shock mounts of specimens 1 and 2 were gouged 
Both units were returned t o  t h e  vendor f o r  

The contact vol tage drop of specimen 2 (p ins  B t o  C) w a s  out of to le rance  
a f t e r  t h e  humidity t e s t  and f o r  the remainder of t h e  t e s t  program. 

The d i f f e r e n t i a l  pressure ("dead-band") of specimen 3 exceeded t h e  speci-  
f i e d  limit a f t e r  t h e  sa l t  fog tes t .  

The ac tua t ion  pressure of specimen 2 was outs ide t h e  spec i f ied  l i m i t s  a f t e r  
t h e  Z-axis s inusoida l  sweep during t h e  v ib ra t ion  re tes t .  
Z-axis s ine  sweep, t h e  s e t  pressure d i a l  po in te r  of specimen 3 came loose.  
shock mounts on each of  t h e  tes t  specimens were gouged and cut  during t h e  vibra- 
t i o n  tes t s ,  

A t  40 cps during t h e  
The 

The Micro Switch of specimen 2 operated in t e rmi t t en t ly  between 79 and 84 
ps ig  during t h e  cycle t es t .  
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FOREWORD 

The t e s t s  reported herein were conducted f o r  t h e  John F. Kennedy Space 
Center by Chrysler Corporation Space Division (CCSD), New Orleans, Louisiana. 
T h i s  document was prepared by CCSD under contract  NAS 8-4016, P a r t  VII, CWO 
271620. 
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CHECK SHEET 

PFESSURE SWITCH 

MANUFACTURER: Helicoid Gage Division 
MANUFACTURER'S PART NUMBERS: 
NASA DRAWING NUMBERS: 

AUTHORIZING AGENCY : NAS A-KS C 

4231-1 and 4231-2 
10434wt3-6 and 1043L+4+3-18 

TESTING AGENCY : Chrysler Corporation Space Division, New Orleans, Louisiana 

I. FUNCTIONAL REQUIREMENTS 

A. OPERATING MEDIA: Gaseous nitrogen, a i r  
B. OPERATING PRESSURE: 

1. Actuating Pressure: 4231-2, 625 (215) ps ig  
4231-1, 100 (215) ps ig  

2. D i f f e r e n t i a l  Pressure: 4231-2, 55 p s i  m a x .  
4231-1, 30 p s i  m a x .  

C. PROOF PRESSURE: 4231-2, 1200 ps ig  

D. CONTACT RATING: 

~- 

4231-1, 300 ps ig  
3-amp resis t ive load 

11. CONSTRUCTION (MECHANICAL) 

A. PRESSURE ELEMENT: Bourdon tube  o f  K Monel and brass  
B. PIEXIMATIC CONNECTION: Per  AND 10050-4 
C. WEIGHT: 2 lb 

111. CONSTRUCTION (ELECTRICAL) 

A. CONNECTOR: MS3 102E-14S -7P 
B. CONTACT VOLTAGE DROP: 0.300-volt maximum a t  ra ted  load 

. IV. ENVIRONMENTAL CHARACTERISTICS (MANUFACTURER * S SPECIFI CATIONS) 

TEMPERATURF RANGE: -40 t o  +1600~ 

V. LOCATION AND USE 

A. LOCATION: 
B. USE: 

Pneumatic Dis t r ibu t ion  System Panel No. 10 
Closes c i r c u i t  t o  enable operat ion of 
Solenoid Valve A5194, which controls  t h e  
flow of  GN2 t o  t h e  S-IB Stage f u e l  bubbling 
l i n e .  

vii 



TEST S W Y  

PRESSURE SWITCH 10434k4i3 

300 psig f o r  5 '  
minutes 
1200 ps ig  f o r  
5 minutes 

Environment 

Actuate a t  100 

d i f f e r e n t i a l  
pressure not t c  
exceed 30 ps i .  
Actuate a t  625 

d i f f e r e n t i a l  
pressure not t c  
exceed 55 ps i .  

( 5 5 )  ps ig;  

( 5 5 )  psig;  

3 c eiving 
ns pe c t  i on  

roof Pressurc 
s s t  

Apply a 3-amp. 
28-vdc r e s i s t -  
i v e  load acros; 
closed contact: 

n i t i a l  Func- 
iona l  Test . Actuation 

and De- 
ac tua t ion  

. Contact 
Voltage 

. Insulat ioi  
Res i s  t anc 

. Dielectr i l  
Strength 

500 vdc appliec 
between non- 
connected pins 
and between 
each pin and 
switch case 

hits 

1000 vac (rms), 
60 cps applied 
between non- 
connected pins 
and between 
each pin and 
switch case 

. & 2  

3 

Opera t iona l .  
Boundary 

Visual inspec- 
t i o n  

Test 
Ob j e c t  ive 

To determine i f  
specimens conform 
with appl icable  
drawings and spec i  
f i ca t  ions 

Maintain pressure 
f o r  5 minutes 
Maintain pressure 
f o r  5 minutes 

Actuate and de- 
ac tua te  t es t  spec i  
mens within speci-  
f i e d  l eve l s  

Voltage drop s h a l l  
not exceed 300 
m i l l i v o l t s  

Insu la t ion  r e s i s t -  
ance not l e s s  than 
20 megohms 

Leakage current  no 
g rea t e r  than 2 m i l  
liamperes 

~~ 

T e s t  
Results 

Jnsat is-  
Factory 

i t i s f ac to i  

itisf acto] 

i t i s f ac to i  

Jnsat i s  - 
factory 

xt isfacto:  

xtisf acto: 

%tisf acto: 

Remarks 

Incor rec t ly  
wired e l e c t r i -  
c a l  connectors 

Excessive 'Idea 
band" 

v i i i  



Environment 

i. Random 
Vibration 

3umidity Test 

ja l t  Fog Test 

kplosion Test 

Units 

TEST SUMMARY (CONTINUED) 

PFESSUIZE SWITCH 10434443 

Operational. 
Boundary 

Vibrate speci- 
men f o r  5 
minutes, in- 
creasing the  
input l eve l  
u n t i l  degra- 
dation occurs 
o r  u n t i l  a 
maximum input 
l eve l  of 0.025 
g2/cps i s  a t -  
tained 

240 hours of 
humidity en- 
vironment; var 
temperature 
from ambient t 
160°F t o  
ambient during 
each 24 hour 
period, main- 
ta ining 95% 
humidity 

5 percent by 
weight mixture 
salt  solution ; 
collection r a t  

m i l l i l i t e r s  pe 
hour; maintain 
f o r  240 hours 
a t  95°F 

of 0.5 t o  3 

volume hydrogel 
160°F a t  13.1 

T8r t  
Objective 

Determine i f  a vi-  
bration environment 
causes degradation 
Df t h e  t e s t  specime 

.___ 

Determine i f  humid 
environment c au s e s 
iegradation o r  de- 
ter iorat ion of the  
tes t  specimens 

Determine i f  sa l t  
fog environment 
zauses degradation 
>r deter iorat ion of 
:he specimens 

lperate specimens i i  
?xplosive atmosgherl 

Tort 
Results 

~~~ ~~~ 

Unsat i s  - 
factory 

Unsatis - 
factory 

Unsatis- 
factory 

a t i s  facto] 

Remarks 

Crack in capil 
lary tubing 

Excessive con- 
t a c t  voltage 
drop i n  speci- 
men 2 

E k e s  sive 
"de ad -b and 
f o r  specimen 3 

L 

3 

X 



TEST SuMMaRy (CONTINUED) 

PREbsSURE SNITCH 10434.443 

Environment 

3w Tempera- 
ure Test 

igh Tempera- 
ure Test 

i b r a t i o n  Test . Resonant 
Frequency 
Search 

. Sinusoidal 
Search 

. Sinusoida: 
Sweep 

units 

L & 2  

t & 2  

2 

Operational. 
Boundary 

Stab i l i ze  a t  
5OF, p e r f o m  a 
funct ional  tes- 
and r e tu rn  t o  
ambient condi- 
t i ons  

S t a b i l i z e  a t  
160°F, perform 
a func t iona l  
t e s t ,  and re- 
t u r n  t o  arnbien 
conditions 

Vibrate sbeci-  
mens f o r  1 5  
minutes from 5 
t o  3000 t o  5 
cps a t  lg peak 

Vibrate speci-  
mens a t  1/3 
octave center  
frequencies ; 
increase input  
l e v e l  u n t i l  
degradation oc 
cGrs o r  speci-  
f i e d  maximum 
l e v e l  i s  a t -  
ta ined 

Vibrate speci-  
men f o r  15  
minutes from 1 
t o  2000 t o  10 
cps a t  speci-  
f i e d  input  
l eve l s  

Test 
Objective 

Determine i f  low 
temperature enviroi 
ment causes degra- 
dation o r  d e t e r i o n  
t i o n  

Determine i f  high 
temperature enviroi 
rnent causes degra- 
dat ion o r  d e t e r i o n  
t i o n  

Determine resonant 
frequencies of tesi  
specimens 

Determine ' t he  high, 
e s t  input l eve l ,  
within spec i f ied  
limits, a t  which 
degradation w i l l  
not occur 

Determine i f  a v i -  
b ra t ion  environmen 
causes degradation 
of t h e  test speci-  
men 

Test 
Results 

r t i s f a c t  0: 

k i s f a c t o :  

itisf a c t  o 

Jnsatis-  
Factory 

&,is fac to  

Remarks 

Broken Micro 
Switch i n  
specimen 1 



Environmeni 

r ibrat ion Re- 
, e s t  
L .  Resonant 

Frequency 
Search 

1. Sinusoida 
Search 

inusoida 
Sweep 

1. Random 
Vibratior 

a c l e  Test 

& 

2 

,293 

TEST SUMMAKY (CONTINUED) 

PRESSURE SWITCH 10434443 

Vibrate speci-  
mens f o r  15  
minutes from 5 
t o  3000 t o  5 
cps a t  l g  peak 

Vibrate speci-  
mens a t  1/3 
octave center  
frequencies;  
increase input 
l e v e l  u n t i l  
degradation oc 
curs o r  speci-  
f i e d  maximum 
l e v e l  i s  at-  
ta ined  

Vibrate speci-  
mens f o r  15  
minutes from 
10 t o  2000 t o  
10 cps a t  spec 
f i e d  input  
l e v e l s  

Vibrate speci-  
mens f o r  5 
minutes, i n -  
creasing t h e  
input  l e v e l  un 
til degradatio 
occurs o r  u n t i  
a maximum inpu 
1 v e l  of 0.025 

ta ined  
g 5 /cps i s  at- 

Actuate and de 
ac tua te  each 
specimen f o r  
5000 cycles 

T a l %  
Ob jectiva 

Determine resonant 
frequencies of tes, 
specimens 

Determine t h e  high 
e s t  input  l eve l ,  
within spec i f ied  
limits a t  which 
degradation w i l l  
not o c cur 

Determine i f  a v i -  
b ra t ion  environmen 
causes degradation 
of t h e  t e s t  speci-  
' mens 

Determine i f  a v i -  
bra t ion  environmen 
causes degradation 
of t h e  t e s t  speci-  
mens 

~~ 

Determine e f f e c t  o 
continuous opera- 
t i o n  on specimen 
performance 

TI@% 
Results 

a t i s f ac to i  

a t  i s f ac  t 01 

a t i s f ac to i  

n sa t i s -  
actory 

a t i s  facto]  

kt i s  f ac t 01 

~ 

Remarks 

8 

Improper 
ac tua t ion  
pressure 

a 

' x i  



Units 

TEST SUMMARY (CONTINUED) 

PFESSURE SWITCH 1043L+l+L+3 

Oporrtional . 
Boundary 

425 ps ig  f o r  5 
minutes using 
hydraulic f luic 
1875 ps ig  f o r  : 
minutes using 
hydraulic fluic 

Toat  . 
Objective 

Maintain pressure 
f o r  5 minutes with 
no evidence of  
cracking o r  rupturc 

Tort 
Results 

a t i s  fac to]  

a t  isf acto] 

Remarks 

. 
x i i  
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I 

1.1 

1.2 

1.2.1 

1.2.2 

1.3 

1.4 

SECTION I 

INTRODUCTION 

S COPE 

This report presents t he  resul-s  of t e s t s  t h a t  were performed 
t o  determine if Pressure Switch 10434.443 meets the operational 
ana environmental requirements of t h e  John Ft. Kennedy Space 
Center. 
v i i i  through xi. 

A summary of the  t e s t  r e su l t s  i s  presented on pages 

ITEM DESCRIPTION 

Three specfmens of Pressure Switch 10434443 were tes ted.  The 
switches a re  manufactured by Helicoid Gage Division as vendor 
par t  numbers 4231-1 (specimens 1 and 2) and 4231-2 (specimen 3). 
Switch 4231-1 operates on increasing pressure a t  100 (515) psig 
w i t h  a d i f f e ren t i a l  pressure of 30 ps i ,  max imum.  Switch 4231-2 
operates on increasing pressure a t  625 (215) psig with a d i f -  
f e r e n t i a l  pressure of 55 ps i ,  m a x i m u m .  

The specimens a re  mounted i n  a v e r t i c a l  position by three  shock 
mounts which are attached t o  a base plate .  
be used i n  a pneumatic d is t r ibu t ion  system a t  Launch Complex 34. 

The specimens w i l l  

APPLI CABIlE DO CUMENTS 

The following documents contain the  t e s t  requirements f o r  
Pressure Switch 10434443: 

, 

a. KSCSTD-l64(D), Standard Environmental Test Methods f o r  
Ground Support Equipment Ins ta l la t ions  a t  Cape Kennedy 

b. NASA Drawing 10434443 

c.  Test P l a n  CCSD-FO-1128-1R, Revision A 

d. Test Procedure TP-RT3-CCsD-F0-1127/1128-2R 

SPECIMEN ASSIGNMENT NUMFIEFfS 

The specimen assignment numbers a re  as follows: 

Specimen 

1 

2 

3 

Manufacturer's P a r t  Number 

423 1-1 

4231-1 

423 1-2 

1-1 



SECTION I1 

2.1 

2.2 

2.3 

RECEXVING INSPECTION 

TEST €EQUIFEME3JTS 

Each specimen sha l l  be visual ly  and dimensionally inspected fo r  
conformance with the applicable specif icat ions pr ior  t o  tes t ing .  

TEST PROCEDUFE 

A visual  and dimensional inspection was performed t o  determine 
compliance w i t h  NASA drawing 1043WcLt3 and t o  the applicable 
vendor drawings, t o  t h e  extent possible without disassembly of 
the  t e s t  specimens. A t  the  same time, each t e s t  specimen w a s  
a l so  inspected f o r  poor workmanship and manufacturing defects.  

TEST RESULTS 

The e l ec t r i ca l  connectors were not wired according t o  the wiring 
diagram i n  NASA drawing 10434443. 
normally closed contacts were reversed. 

The normally open and 

2-1 
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Item 
No . 
1 

- 

2 

3 

4 

5 

6 

7 

8 

- 

Specimen Pressure Time 
Number (psig) (&utea 1 

1 300 5 

2 300 5 

3 1200 5 

Table 3-1. Proof Pressure Test Equipment List 

Leakage External 
Damage 

None None 

None None 

None None 

It all 

Test Specimens 
1, 2, and 3 

Nitrogen Supply 

Pressure Regulato: 

Pressure Cage 

Relief Valve 

Hand Valve 

Hand Valve 
. 

Burst Chamber 

~- 

Manufacturer 

Helicoid Gage 

NA 

Tescom Corp. 

Martin-Decker 

Robbins 

Robbins 

Robbins 

Hodel/ 
'art 110. 

4231-1 
4231-2 

N A  

26-1002 

NA 

ANA 250- 

ANA 250- 

ANA 250- 

4T 

4T 

4T 

NA 

~ ~~ 

Serial 
No . 
NA 

NA 

1009 

NA 

NA 

NA 

NA 

NA 

Remarks 

Pressure Switcf- 

3100 psi 

3100 ps i  

0 t o  m psig 
5.1% Fs 

7-5-67 
Cal date  

1/4-inch 

l/4-inc h 

1/4-inch 

Burst pressure 
t e s t  only 

Table 3-2. Proof Pressure Test Data 

a 
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3 0 1  

3.1.1 

3.1.2 

3 02 

3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.3 

3 04 

dW”I0N III 

PROOF PRESSURE TEST 

TEST FBQUIREMENTS 

Test specimens l a n d  2 shall be pressurized t o  300 ps ig  f o r  5 
minutes, using gaseous nitmgen. 
pressurized t o  l.200 psig f o r  5 & U t e s  using gaseous nitrogen. 

Test specimen 3 s h a l l  be 

The t e s t  specimens shall be inspected f o r  leakage and external 
damage. 

TEST PRDCEDURE 

The t e s t  setup w a s  assembled as shown i n  f igure  3-1, using the  
equipment l i s t e d  i n  t ab le  3-1. 

Each specimen w a s  pressurized t o  the  rated pkoof pressure by 
closing hand valve 5 and adjust ing pressure regulator 3. 

The specimens were checked f o r  leakage during the  5 minute period 
by monitoring gage 4 f o r  an indicat ion of a pressure drop a t  t he  
specimen. The initial and f inal  pressures were recorded. 

Pressure regulator 3 was closed and hand.valve 5 was opened t o  
depressurize the  specimens. 

The specimens were removed from t h e  t e s t  setup and inspected for 
damage. 

TEST RESULTS 

There was no leakage of t h e  t e s t  specimens and there  w a s  no 
evidence of i n t e rna l  o r  external  damage. 

TEST DATA 

The t e s t  data presented i n  t a b l e  3-2 were recorded during the  t e s t .  
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I t H . 7  
I , 

8 
I 

I r  
I 

I I ,  I 

Note: Refer t o  t a b l e  3-1 for i t e m  i den t i f i ca t ion .  
All l i n e  s izes  1/4-inch. 

Figure 3-1. Proof Pressure Test Schematic 
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SECTION I V  

FUNCTIONAL TEST 

4 - 1  

4.1.1 

4.1.2 

4.1.3 

4.1.4 

401.5 

k.1.6 

4.2 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6 

TEST FBQU1RF;MENTS 

Actuation of t e s t  specimens 1 and 2 (4231-1) s h a l l  occur on 
increasing pressure a t  100 (215) psig.  
sure  (!!dead-band'!) s h a i i  not exceed 30 ps i .  

The d i f f e r e n t i a l  pres- 

Actuation of tes t  specimen 3 (4231-2) s h a l l  occur on increas ing  
pressure a t  625 (215) psig.  
exceed 55 ps i .  

Each t e s t  specimen s h a l l  be operated 10 times during t h e  func- 
t i o n a l  t e s t .  

The d i f f e r e n t i a l  pressure s h a l l  not  

Voltage drop across  t h e  normally open and t h e  normally closed 
contacts  s h a l l  not exceed 300 m i l l i v o l t s  when a 3-ampere, 28- 
vdc r e s i s t i v e  load i s  applied t o  t h e  contacts  (contacts  i n  
closed pos i t ion) .  

The in su la t ion  resis tance,  when measured between a l l  non- 
connected pins and between each pin and case, s h a l l  not be less 
than 20 megohms a t  500 vdc. 

The d i e l e c t r i c  s t rength when measured between a l l  non-connected 
pins and between each pin and case, s h a l l  be such t h a t  t h e  
leakage current s h a l l  not exceed 2 milliamperes when 1000 vac 
(rms) 60 cps i s  applied.  
funct ional  t e s t ,  500 vac during a l l  o the r  funct ional  t e s t s . )  

(Use 1000 vac only during i n i t i a l  

TEST PROQ3DURE 

The t e s t  setup was assembled as shown i n  f igures  4-1 and 4-2, 
using a l l  the  equipment l i s t e d  i n  t a b l e  4-1 except items 9 
through 13. 

Hand valve 3 and r e l i e f  valve 5 were opened and t h e  system w a s  
purged of a i r  using a low flow f r o m t h e  regulated source. 

Rel ief  valve 5 was closed and t h e  regulated source pressure w a s  
slowly increased u n t i l  t h e  specimen actuated. 
pressure was recorded. 

The ac tua t ion  

The regulated source pressure was slowly decreased u n t i l  t h e  
specimen deactuated. 
t h e  pressure w a s  reduced t o  zero. 

The deactuation pressure w a s  recorded and 

Steps 4.2.3 and 4.2.4 were repeated u n t i l  each t e s t  specimen w a s  
actuated and deactuated 10 times. 

Lamps 7 and 8 were removed f r o m t h e  t e s t  se tup  and replaced with 
load banks 12 which were adjusted t o  3-ampere loads a t  28 vdc. 
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4.2.7 

4.2.8 

4.2.9 

4.2.10 

4.2.11 

k.2.12 

4.2.13 

4.2.14 

4.2.15 

4.2.16 

4.2.17 

4.3 

4.3.1 

4.3.2 

4.3.3 

The d i f f e r e n t i a l  voltmeter 9 w a s  connected across  pins C and B 
of J1, and t h e  contact vol tage drop across  t h e  normally closed 
contacts  was measured and recorded. 

The d i f f e r e n t i a l  voltmeter was disconnected and t h e  regulated 
source pressure was  increased slowly until t h e  specimen actuated. 

D i f f e r e n t i a l  voltmeter 9 w a s  connected across  pins B and A of J1 
and t h e  contact vol tage drop across  t h e  normally open contacts  
was measured and recorded. 

The e l e c t r i c a l  port ions of t h e  t e s t  se tup  were removed by d i s -  
connecting P 1  ( f igu re  4-2) and t h e  regulated source pressure 
w a s  reduced t o  zero. 

Megohmmeter 1 1 w a s  connected t o  pins B and A o f  J1, and with 
500 vdc applied t o  t h e  pins,  t h e  in su la t ion  r e s i s t ance  was 
measured and recorded. 

Megohmmeter 11 w a s  connected t o  pins C and B o f  J1 and t h e  t e s t  
specimen was actuated.  
and t h e  in su la t ion  r e s i s t ance  was measured and recorded. 

The 500 vdc t e s t  vol tage w a s  appl ied 

The in su la t ion  r e s i s t ance  between each pin of J1 and t h e  t e s t  
specimen case w a s  measured and recorded by applying 500 vdc 
between the  pins and case. 

The megohrruneter w a s  removed and the  in su la t ion  t e s t e r  10 was 
connected between pins C and B of J1 w i t h  t he  t e s t  specimen i n  
t h e  actuated posi t ion.  

The t e s t  voltage w a s  gradual ly  increased from zero t o  1000 vac 
(rms) and w a s  maintained f o r  60 seconds. 
current  was recorded. 

The highest  leakage 

The regulated source pressure w a s  reduced t o  zero and t h e  in-  
su l a t ion  t e s t e r  was connected between pins A and C of J1. 
Step 4.2.15 was repeated. 

The leakage current between each pin of J1 and t h e  t e s t  specimen 
case was measured and recorded .by applying 1000 vac between t h e  
pins and case. 

TEST mSULTS 

Specimens 1 and 2 actuated and deactuated within t h e  specif ied 
limits. 
m a x i m u m  allowable "dead-band. *I 

The d i f f e r e n t i a l  pressure of specimen 3 exceeded t h e  

The contact voltage drop was less than 300 m i l l i v o l t s  f o r  a l l  
measurements. 

The in su la t ion  res i s tance  w a s  g rea t e r  than 20 megohms f o r  a l l  
measurements . 
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4.3.4 

4.4 

t 

The d i e l e c t r i c  s t rength  (leakage current) '  w a s  less than 2 
milliamperes f o r  a l l  measurements. 

TEST DATA 

Data recorded during the  i n i t i a l  func t iona l  t e s t  a r e  presented 
i n  t a b l e  4-2. 
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Table 4-1. Functional Test Equipment List 

- 
Itea 
No . 
1 

- 

2 

3 

4 

4 

5 

6 

7 

8 

9 

10 

ll 

I2 

13 

It em 

Test Specimen 

Regulated cN2 
Source 

Hand Valve 

Pressure Gage 

Preseure Cage 

Relief Valve 

Power Source 

Lamp 

Lamp 

Different ia l  
Volt meter 

Insulation Tester 

Megohmmet e r  

Load Bank 

h e t  er 

Manufacturer 

Helicoid Gage 

NA 

iobbins 

ieise 

ieise 

tobbins 

ambda 

kne ra l  E lec t r i c  

;enera1 mectr i 'c  

John Fluke 

lliley 

kne ra l  Radio 

CCSD 

iimpeon 

Hodel/ 
PI% IJO. 

4231-1 
4231-2 

NA 

LNA 250- 
4T 

u+1249 

r35957 

S A  250- 
4T 

aA5003BM 

327 

327 

821A 

5 

1862-B 

NA 

NA 

S e r i a l  
No. 

NA 

NA 

NA 

1003-B 

01533 

NA 

010270 

NA 

NA 

156 

015241 

01845 

NA 

NA 

Remarks 

'ressure Swi tch  

550 p s i  

L/4-inc h 

1 t o  150 psig 
$.1% FS 
21 date 
3-7-67 

1 t o  1500 p i g  

kl date 
5-29-67 

L/k-inc h 

9.1% Fs 

!8-~dc 

keen 

)range 

9.1% accuracy 

5-ampere, 28-vd 

%to 10-ampere 
(bu i l t  in to  loa 
bank) 



Table 4-2. In i t ia l  Functional Test Operating Pressures 

Average 
Actuation 
Pressure 

(ps ig)  

I Specif ied 
Actuation 
Pressure 

(Psig 1 

Specimen 
Number 

t 

1 I 100 I 100 (L-t-5) 

100 I 100 (215) 

36 Out of tolerance (not readjusted a f t e r  t e s t )  

D i f f e ren t i a l  
Pressure 

( p s i  1 

45 57 

Specif ied 
Di f f e ren t i a l  

Pressure 
( p s i  m a )  

30 

30 

33 
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5 3 

Note: Refer t o  t a b l e  4-1 f o r  i t e m  i den t i f i ca t ion .  
All l i n e s  i-inch. 

Figure 4-1. Functional Test Schematic 

J1 P1 
I BT 1 

I 

Note: Refer t o  table 4-1 f o r  i t e m  i den t i f i ca t ion .  
All l i nes  $inch. 

Figure 4-2. Functional Test W i r i n g  Schematic 





SECTION V 

5.1 

5.1.1 

5.1.2 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.3 

5.3.1 

5.3.2 

5.3.3 

5.4 

TEST REQUIE1ET.I1ENTS 

Test specimens 1 and 3 s h a l l  be subjected t o  a low temperature 
t e s t  of 5 (-4,N)OF t o  determine whether t h e  environment causes 
degradation o r  de te r iora t ion  of t h e  specimens. 

A func t iona l  t e s t  as prescribed i n  sec t ion  I V  s h a l l  be performed 
before  t h e  t e s t  ( i f  more than 72 hours has elapsed s ince  t h e  
l a s t  funct ional  t e s t ) ,  during t h e  t e s t ,  and wi th in  one hour a f te r  
s t a b i l i z a t i o n  a t  ambient temperature a f t e r  t h e  t e s t .  

TEST PROCEDURE 

The t e s t  specimens were placed i n  t h e  low temperature chamber 
and a l l  necessary e l e c t r i c a l  and pneumatic systems were connected. 

A func t iona l  t e s t  was performed according t o  sec t ion  I V .  

The chamber temperature w a s  decreased a t  t h e  ra te  o f  one degree 
per  minute and s t ab i l i zed  a t  5 (-4, *)OF. 

A func t iona l  t e s t  ( refer  t o  5.1.2) w a s  performed when temperature 
s t a b i l i z a t i o n  was a t ta ined .  

The chamber temperature w a s  returned t o  ambient upon completion 
of t h e  func t iona l  t e s t .  

The tes t  specimens were v i sua l ly  inspected and func t iona l ly  
t e s t e d  within one hour following t h e  re turn  t o  ambient conditions.  

TEST RESULTS 

Specimen l w a s  stuck i n  t h e  deactuated pos i t ion  p r i o r  t o  t h e  low 
temperature t e s t .  After tu rn ing  t h e  pressure adjustment screw, 
t h e  uni t  began t o  operate properly. The ac tua t ion  pressure w a s  
r e s e t  a t  100 ps ig  and t e s t i n g  w a s  continued. During t h e  adjust-  
ment procedure t h e  set pressure d i a l  po in te r  f e l l  o f f .  

The specimens actuated and deactuated within t h e  spec i f ied  limits 
during t h e  low temperature func t iona l  tes ts .  

The contact voltage drop, i n su la t ion  res i s tance ,  and d i e l e c t r i c  
s t rength  measurements were a l l  wi th in  t h e  spec i f ied  limits. 

TEST DATA 

Data recorded during t h e  low temperature func t iona l  t es t s  are 
presented in tab le  5-1. 



Temperature 

Test 

Before 

Duririg 

After 

Specification Levels 

Specimen 1 Specimen 3 

Average Average Average Average 
Actuation Dif fe ren t ia l  Actuation Dif fe ren t ia l  
Pressure Pres sure Pressure Pres sure 

( P S i d  (Psi  (psig)  (Ps i )  

100 7 623 55 

100 7 625 53 

100 8 623 56 
* 

- 

Specimen 1 

Specimen 3 

Actuation Pressure Different ia l  Pressure 
' (Psi&?) (Ps i  max) 

100 (+30) 30 

625 (+SI 55 



* I  

6.1 

6.1.1 

6.1.2 

6.2 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

6.3 

6.3.1 

6.3.2 

6.4 

SECI'ION VI 

I HIGH -RAWRE TEST 

TEST REQUIRPlENTS 

Test specimens 1 and 3 s h a l l  be subjected t o  a high temperature 
t e s t  of 160 (4, +4)OF t o  determine whether t h e  environment 
causes degradation or  de t e r io ra t ion  of t he  specimens. 

A func t iona l  test as prescribed i n  sec t ion  I V  s h a l l  be performed 
before the  t e s t  ( i f  more than  72 hours have elapsed s ince  t h e  
last func t iona l  test) ,  during t h e  t e s t ,  and within one hour 
a f t e r  s t a b i l i z a t i o n  a t  ambient temperature a f t e r  t h e  t e s t .  

TEST PROCEDURE 

The t e s t  specimens were placed i n  t h e  high temperature chamber 
and a l l  necessary e l e c t r i c a l  and pneumatic systems were connected. 

The chamber temperature was increased a t  t h e  r a t e  of one degree 
per & U t e  and s t ab i l i zed  a t  160 (4, +4)OF. 

A func t iona l  t e s t  ( r e f e r  t o  6.1.2) was performed when temperature 
s t a b i l i z a t i o n  was a t ta ined .  

, 

The chamber temperature was returned t o  ambient upon completion 
of t h e  funct ional  test. 

The t e s t  specimens were v i sua l ly  inspected and functionally t e s t e d  
within one hour following t h e  re turn  t o  ambient. 

TEST RESULTS 

The t e s t  specimens actuated and deactuated within t h e  spec i f ied  
limits during t h e  funct ional  tests and the re  was no apparent 
de t e r io ra t ion  o r  degradation of the  specimens. 

The contact voltage drop, i n su la t ion  res i s tance ,  and d i e l e c t r i c  
s t r eng th  measurements were a l l  within t h e  spec i f ied  limits. 

TEST DATA 

Data recorded du r ing ' t he  high temperature funct ional  tests a r e  
presented i n  table 6-1. 
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Table 6-1. High Temperature Functional Test Operating Pressures  

h e n  1 

Average 
D i f f e r e n t i a l  

Pres su re  
( p s i )  

8 

7 

7 

1 Spec 
Temperature 

* 
Specimen 3 

Average Average 
Actuation , D i f f e r e n t i a l  
Pres sure  Pressure 

( P S i d  ( P s i )  

* 
623 56 

620 5 5  

624 52 

Test Average 
Actuation 
Pres sum 

(Psi&-) 

1 
Before I 100 

During 

After' 

* Out of tolerance (not readjusted a f t e r  t e a t )  

Spec i f ica t ion  Levels 

Specimen 1 

Specimen 3 

Actuation Pressure Di f f e ren t i a l  Pressure 
( P S i K )  ( p s i  max) 

100 ( 9 0 )  30 

625 (30) 55  
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SECTION KC 

VIBRATION TESTS 

7.1 

7.1.1 

7.1.2 

701.3 

7.1.4 

7.1.5 

7.1.6 

7.2.1 

7.2.2 

7.2.3 

7.2.1, 

7.2.5 

7.2.6 

7.2.7 

TEST FEQUIRPIENTS 
e 

Test specimens 1, 2, and 3 shall be subjected t o  s inusoida l  and 
random exc i t a t ion  t o  determine t h e  capab i l i t y  of t h e  specimens 
t o  'operate s a t i s f a c t o r i l y  during and a f t e r  v ibra t ion  t e s t i n g .  

The t e s t s  s h a l l  be performed i n  t h e  hor izonta l  and v e r t i c a l  
axes ( see  f igu re  7-1). 

The t e s t s  s h a l l  be conducted i n  accordance w i t h  sec t ion  9, ' 

procedure Ia of KSCSTD-l64(D) 

Acceleration s h a l l  be measured by accelerometers mounted on t h e  
t e s t  specimens. 

The specimens s h a l l  be monitored f o r  contact c h a t t e r  during each 
v ibra t ion  t e s t .  

A func t iona l  t e s t  s h a l l  be performed p r i o r  t o  t h e  v ibra t ion  t e s t s  
and immediately following t h e  s inusoida l  sweep and random 
exc i t a t ion  t e s t  i n  each axis. 

TEST PROCEDUE 

The tesr, specimens were i n s t a l l e d  on a v ibra t ion  f i x t u r e  and t h e  
f i x t u r e  was mounted on t h e  v ib ra to r .  
and pneumatic systems w&re connected. 

All necessary e l e c t r i c a l  

A func t iona l  t e s t  was  performed according t o  sec t ion  I V .  

The resonant frequency search was performed while v ibra t ing  
t h e  t e s t  specimens at t h e  input  l eve l s  spec i f ied  i n  t a b l e  7-1. 

The specimen contacts  were monitored f o r  c h a t t e r  w i t h  t he  t e s t  
specimen deactuated from 5 t o  3000 cps and actuated from 3000 
t o  5 cps. 

The s inusoida l  search was performed while v ibra t ing  t h e  t e s t  
specimens a t  t h e  1/3=0ctave center  frequencies given in t a b l e  
7-2. 
occurred o r  un t i l  t h e  

The input  l e v e l  was increased unti l  func t iona l  degradation 
l e v e l  was a t t a ined .  

The specimen contacts  were monitored f o r  c h a t t e r  wi th  t h e  t e s t  
specimen actuated. 

The s inusoida l  sweep t e s t  was conducted a t  t h e  l eve l s  spec i f ied  
i n  t a b l e  7-1. 
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7.2.8 The specimen contacts  were monitored f o r  c h a t t e r  wi th  t h e  t e s t  
specimens deactuated from 10 t o  2000 cps and actuated from 
2000 t o  10 cps. 

702.9 A func t iona l  t e s t  was performed a f t e r  t h e  s inusoida l  sweep t e s t .  

7.2.10 The random exc i t a t ion  t e s t  w a s  conducted by v ib ra t ing  t h e  speci-  c 

mens a t  t h e  levels spec i f ied  i n  table  7-1. 
were monitored f o r  cha t t e r  wi th  t h e  t e s t  specimen alternately 
pressurized f o r  1 minute and depressurized f o r  1 minute u n t i l  5 
minutes had elapsed. 

The specimen contacts  

7.2.11 A funct ional  t e s t  w a s  performed a f te r  t h e  random e x c i t a t i o n  t e s t .  

7 -3 TEST RESULTS 

7.3.1 The se t  pressure d i a l  po in te r  and blowout d i s c  of specimen 1 
came loose during t h e  Y - a x i s  s inusoida l  search a t  t h e  25 cps 
center  frequency with t h e  m a x i m u m  input  level  appl ied (8.2g peak). 
ItBottoming1' of t h e  specimen occurred and t h e  shock mount screws 
h i t  t h e  v ib ra t ion  f i x t u r e  (figure 7-1). 
hose w a s  removed t o  lessen  t h e  weight on t h e  shock mounts and 
t h e  tes t  w a s  continued. l tBot todngff  occurred a t  40 cps, 21g peak 
input ,  causing t h e  P lex ig las  lens t o  r o t a t e ,  t h e  nameplate t o  
loosen, and t h e  Micro Switch contact a r m  t o  bend downward making 
t h e  specimen inoperat ive ( f igu res  7-3 and 7-4). 
of specimen 1 w a s  discontinued. 

The f l e x i b l e  pressure 

Vibrat ion t e s t i n g  

7.3.2 

7.3.3 

Contact cha t t e r  was observed a t  30 and 50 cps during t h e  s inu - .  
so ida l  downsweep (2000 t o  10 cps) of specimen 2 i n  t h e  X-axis 
configuration (pressurized condi t ion) .  The input l e v e l s  were 
lowered from 21g peak and 0.25 inch DAto 20g peak and 0.20 inch 
DAY respect ively.  No f u r t h e r  c h a t t e r  w a s  observed. 

- 

Specimen 2 w a s  inadvertent ly  subjected t o  20 grms during t h e  X- 
axis random exc i t a t ion  t e s t .  No contact  cha t t e r  w a s  observed 
during t h e  tes t .  

7.3.4 A crack i n  t h e  cap i l l a ry  tubing of specimen 2 near t h e  bleeder  
por t  w a s  detected during t h e  func t iona l  t es t  performed a f t e r  
random vibra t ion  i n  t h e  X-axis. 
within t h e  specif ied limits so  t e s t i n g  was continued. 

The operat ing pressures were 

7.3.5 Deactuation of specimen 2 occurred a t  30 cps during t h e  sinu- 
so ida l  downsweep (2000 t o  10 cps) i n  t h e  Y-axis due t o  an  in- 
crease i n  t h e  leakage rate of t h e  c a p i l l a r y  tube ( f igu re  7-5). 
The specimen w a s  no longer opera t iona l  so t e s t i n g  w a s  d i s -  
continued . 

7.3.6 The shock mounts on t h e  specimens were damaged during t h e  vibra- 
t i o n  tests.  
and a l l  were gouged around t h e  support posts.  
f ec t ive ly  i s o l a t e  t h e  specimens above 125 cps. Between 25 a d  
40 cps, a t  t h e  maximum input  l eve l s ,  t h e  specimens are subjec t  
t o  "bottomingtt due t o  t h e  weight of t h e  specimens on t h e  shock 
mounts . 

Some had cuts  i n  t h e  f lex ib le  port ion of t h e  mount 
The mounts ef- 
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7.3.7 The damaged specimens were returned t o  t h e  vendor f o r  evaluat ion 
and r epa i r s ,  A new Micro Switch was i n s t a l l e d  i n  specimen 1 and 
b ~ i e  c a y l i i a i 7  tubing of specimen 2 was siiurieried afiei-. wiilcii 
t h e  units were reassembled and r e s e t .  
I t  . 

Time  
(Minutes ) 

7.4 TEST DATA 

Frequency Input 
( CPS 1 Level 

7.k.1 Data recorded during t h e  v ibra t ion  func t iona l  tests a r e  recorded 
i n  t a b l e s  7-3 and 7-4. 

5 t o  3000 

3000 t o  5 

7.4.2 A s inusoida l  input  p lo t  (acce lera t ion  versus frequency) i s  
presented i n  f igu re  7-6. 

1.Og peak 

1.Og peak 

704.3 A t y p i c a l  random equal izat ion p lo t  (specimen 2, X-axis) i s  
presented i n  f igu re  7-7. 

Table 7-1. Vibration Test Levels 

Vibration 
Test 

I I I 

I I I 
Resonant 
Frequency 
Search 

15  

Sinusoidal  
Sweep 

~ 

10 t o  40 0.25 inch DA 

40 to 10 
I I I 

I I I 
5 I 10 t o  2000 7 .1  grms I I Random 
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Table 7-2. One-Third Octave Center Frequencies 

Specimen 
Number 

1 

2 
. .  -~ __ 

1/3 a c t  ave Bandwidth Frequencies 
( C P d  

I 

Average Spec i f  ied  Average Specif ied 
Actuation Actuation Di f f e ren t i a l  D i f f e ren t i a l  
Pressure Pressure Pres sure  Pressure 

(psig)  (ps ig )  ( p s i  1 ( p s i  m a )  

._ _ _  
100 100 (215) 7 30 

100 100 (215) 8 30 

10 
12.5 
16 
20 
25 
32 
40 
50 
62 
80 
100 
12 5 
160 
200 
2 50 
3 20 
400 
500 
630 
800 
1000 
12 50 
1600 
2000 

Maximum In ut 
(g  l e v e l  P 

1.3 
2 .o 
3.4 
5 -1 
8.2 
13 .O 
21.0 
21 .o 
21 .o 
21 .o 
21 .o 
21 .o 
21.0 
21.0 
21 .o 
21 .o 
21.0 
21.0 
21.0 

' 21.0 
21.0 
21.0 
21.0 
21 .o 
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Table 7-4. Vibration Fuhctional Test  Operating Pressures f o r  Specimen 2 

Test 
Axis 

Y 

X 

Test 

Sine 

Random 

Sine 

Random 

Average 
Actuation 
Pressure 

( P S i d  

Specified 
Actuation 
Pressure 

( P S i d  

102 

Average 
Di f f e ren t i a l  

Pressure 
( p s i >  

102 

102 

10 6 

8 

8 

8 

8 

Specified 
Di f f e ren t i a l  

Pressure 
( p s i  

30 

30 

30 

30 
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SECTION V I 1 1  

8.1 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

8.2 

8.2.1 

8.2.2 

8.2.3 

8.2.L 

8.2.5 

8.2.6 

8.3 

8.3.1 

8.3.2 

8.3.3 

TEST REQUIFEMENTS 

A humidity t e s t  s h a l l  be performed on t e s t  specimens 2 and 3 t o  
determine whether the environment causes degradation o r  de te r io-  
r a t i o n  of t h e  specimens. 

The specimens s h a l l  be exposed t o  t h e  humidity environment f o r  
a period of 240 hours. 

A func t iona l  t e s t  as prescribed i n  sec t ion  I V  s h a l l  be performed 
before t h e  t e s t  ( i f  more than 72 hours h a s  elapsed s ince  t h e  last 
func t iona l  t e s t )  and within one hour a f t e r  completion of t h e  
humidity t e s t .  

The humidity t e s t  s h a l l  be conducted i n  accordance w i t h  sec t ion  
12 of KS csm-164( D )  . 
TEST PROCEDURE 

A func t iona l  t e s t  was performed on t h e  t e s t  specimens p r i o r  t o  
placing t h e  specimens i n  t h e  humidity chamber. 

The t e s t  specimens were placed i n  t h e  humidity chamber w i t h  t h e  
i n i t i a l  temperature between 68 and 100°F, uncontrolled humidity. 

During t h e  f irst  2 hour period t h e  chamber temperature w a s  i n -  
creased t o  160°F and t h e  r e l a t i v e  humidity was increased t o  95 
(4, +5) percent. 
f o r  a 6 hour period. 

The temperature and humidity were maintained 

During t h e  next 16 hours t h e  temperature w a s  reduced a t  a l i n e a r  
r a t e  t o  ambient while maintaining t h e  95 percent r e l a t i v e  humidity. 

The s teps  taken i n  8.2.3 and 8.2.4 were repeated 9 times f o r  a 
t o t a l  exposure of 240 hours. 

A t  t h e  conclusion of t h e  t e s t  t h e  specimens were removed from t h e  
chamber and a funct ional  t e s t  was performed. 

TEST RESULTS 

The test  specimens actuated and deactuated within t h e  spec i f ied  
limits during t h e  funct ional  t e s t s  and the re  was no apparent 
de t e r io ra t ion  o r  degradation of t h e  specimens. 

The in su la t ion  res i s tance  and d i e l e c t r i c  s t rength  measurements 
were a l l  within t h e  spec i f ied  limits. 

The contact voltage drop across pins B and C of specimen 2 w a s  
0.82-volt after t h e  humidity t e s t .  The spec i f i ca t ion  limit i s  
0.30-volt maximum. The contact vol tage drop measurement w a s  re- 
peated af ter  2L hours and it was unchanged. 
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8.1, 

Specimen 2 
Average Average 

Actuation M f  f e r e n t i a l  
Pres sure  Pressure 

(Win)  ( p s i )  

TEST DATA 

Data recorded before and a f t e r  t h e  hunddity t e s t  are presented 
i n  t a b l e  8-1. 

Specimen 3 
Average Average 

Actuation Di f f e ren t i a l  
Pres sure  Pressure 

( w i n )  ( p s i )  

Table 8-1. Humidif$ Functional Test  Operating Pressures  

97 

I Humidity 

7 630 50 I Before 

Specimen 2 

Specimen 3 

97 I 6 I 625 I 55 
I I I 

Speci f ica t ion  Levels 

Actuation Pressure D i f f e r e n t i a l  Pressure 
( PS i n )  ( p s i  nrax) 

160 (515) 30 
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SECTION IX 

9.1 

9.1.1 

9.1.2 

9.1.3 

9.2 

9.2.1 

9.2.2 

9.2.3 

9.2.4 

9.2.5 

9.3 

9.301 

9.3.2 

9.3 93 

9.3.4 

TEST FC3QUI-S 

Test specimens 1, 2, and 3 s h a l l  be sub jec t ed  t o  a salt  f o g  t e s t  
t o  determine t h e  ex ten t  of t h e  deg rada t ion  o r  d e t e r i o r a t i o n  re- 
s u l t i n g  from t h e  environmental exposure. 

The sa l t  s o l u t i o n  s h a l l  be a 5 percent  by weight mixture  and 
s h a l l  have a pH f a c t o r  of 6.5 t o  7.2.  
95 (+2, -4)OF. 

Tes t  temperature  s h a l l  be 

A f u n c t i o n a l  t e s t  a s  p re sc r ibed  i n  s e c t i o n  I V  s h a l l  b e  performed 
p r i o r  t o  exposure (if more t h a n  72 hours has e lapsed s i n c e  t h e  
last  f u n c t i o n a l  t e s t )  and w i t h i n  one hour a f te r  removal from t h e  
sa l t  fog  environment. 

TEST PROCEDURF: 

The tes t  specimens were in spec ted  f o r  corrosion,  d i r t ,  and o i l y  
films p r i o r  t o  t h e  salt  f o g  t e s t  and were cleaned b e f o r e  being 
i n s t a l l e d  i n  t h e  s a l t  fog  chamber. 

The t e s t  specimens were placed i n  t h e  chamber i n  a manner which 
would permit t h e  fog t o  reach a l l  s i d e s . o f  t h e  specimens without  
condensate d r ipp ing  on them. 

The specimens were exposed t o  t h e  salt  fog  atmosphere f o r  240 
hours.  

A f u n c t i o n a l  t e s t  was performed according t o  s e c t i o n  I V  a f t e r  
removal from t h e  chamber. 

The t e s t  specimens were in spec ted  f o r  co r ros ion  caused by exposure 
t o  t h e  sa l t  fog atmosphere. 

TEST RESULTS 

The specimen housings were corroded i n t e r n a l l y  and e x t e r n a l l y  and 
sa l t  sp ray  was present  on t h e  i n t e rna l  p a r t s  o f  each specimen. 

The d i f f e r e n t i a l  p re s su re  of specimen 3 a f te r  t h e  sa l t  f o g  
t e s t  w a s  60 p s i .  

The i n s u l a t i o n  r e s i s t a n c e  of specimen 1 ( p i n  B and case and p i n  
C and case )  and specimen 2 ( a l l  measurements) was below t h e  
s p e c i f i e d  20 megohm minimum. 
ments were repeated af ter  72 hours and a l l  were g r e a t e r  t h a n  20 
megohms. 

S p e c i f i c a t i o n  l i m i t  i s  55 p s i ,  maximum. 

The i n s u l a t i o n  r e s i s t a n c e  measure- 

The contact  vo l t age  d rop  between p i n s  B and C of specimen 2 was 
0.80 v o l t s .  Spec i f i ed  m a x i m u m  v o l t a g e  d rop  i s  0.30 v o l t s .  The 
measurement was repeated after 72 hours and was unchanged. 



9.4 TEST DATA 

Data recorded before and a f t e r  t h e  s a l t  fog  t e s t  a r e  presented 
i n  t a b l e  9-1. 

Table 9-1. S a l t  Fog Functional Test Operating Pressures 

Average Actuation Average D i f f e r e n t i a l  
Pressure (ps ig)  Pressure ( p s i )  

Number 

I After I Before 

Spec i f ica t ion  Levels 

Specimen 1 

Specimen 2 

Specimen 3 

Actuation Pressure Di f f e ren t i a l  Pressure 
(ps ig)  ( p s i  =) 

100 (215) 30 
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10.1 

10.1.1 

10.1.2 

10.1.3 

10.1.4 

10.2 

10.2.1 

10.2.2 

10.2.3 

10.2.4 

10.2.5 

10.2.6 

10.3 

10.3.1 

10.4 

TEST R.EXlUIREW"S 

Test specimens 1 and 3 shall be subjected t o  an explosion t e a t  
( ign i t ion  proof t e a t )  t o  determine t h e  axplorion-producing 
characteristics of the specimens when operated i n  an explosive 
atmosphere. 

The explosive mixture shall be composed of 32 (5) percent by 
volume of hydrogen-in-sir and the  test  chamber pressure s h a l l  
be 13.1 psig at  a temperature of 160 (+2, -4)OF. 

The specimens s h a l l  be operated w h i l e  i n  the  explosive atmosphere. 

A functional t e s t  shall be performed p r i o r  t o  and a t  t h e  completion 
of t h e  t e s t .  

TEST PROCEWHE 

The specimens were placed in the tes t  chamber and a l l  necessary 
e l e c t r i c a l  and pneumatic systems were connected as shown in 
f igure 4-1. 

The temperature wi th in  t he  test  chamber .was s tab i l ized  a t  160OF 
and the  pressure was decreased t o  13.1 psia. 

The explosive atmosphere was injected i n t o  the  chamber and the  
in t e rna l  pressure was adjusted t o  13.1 psia. 

The specimens were actuated and deactuated 10 times while in 
the  explosive atmosphere. 

The explosive atmosphere was ver i f ied  and the  chamber pressure 
was adjusted t o  14.7 psia. Paragraph 10.2.4 was repeated. 

The explosive atmosphere was ver i f ied  and the  chamber was 
purged wi th  gaseous nitrogen. 

TEST RESULTS 

The specimens operated successfully i n  the  specified explosive 
atmosphere and during t h e  functional test performed after the  
explosion test. There was no apparent deter iorat ion o r  degra- 
dation of the  specimens. 

TEST DATA 

Data recorded before and af'ter t he  explosion test a r e  presented 
i n  t ab le  10-1. 
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Table 10-1. Functional Test Data Obtained Before and 
After Explosion Test 

Specimen 
Number 

1 

Average Actuation Average Differential 
Pressure (psin) Pressure (psi)  

Before After Before ' After 

97 100 5 7 

3 
I I 1 I I I 

* Out of tolerance (not readjusted after t e s t )  

Specification Levels 

Specimen 1 

Specimen 3 

Actuation Pressure Differential Pressure 
(RSiR) ( p s i  max) 

100 (515) 30 

55 

\ 

I 



SECTION XI: 

11.1 

11.1.1 

11.1.2 

11.1.3 

11.1.4 

11.1.5 

11.1.6 

11.2 

11.2.1 

11.2.2 

11.2.3 

11.2.4 

11.2.5 

11.2.6 

11.2.7 

11.2.8 

TEST REQUIElEMENTS 

Test specimens I, 2, and 3 s h a l l  be subjected t o  s inusoida l  and 
random exci ta t ion  t o  determine t h e  capab i l i t y  of t he  specimens 
t o  operate s a t i s f ac t . o r i ly  during and a f t e r  v ibra t ion  t e s t i n g .  

The t e s t s  s h a l l  be performed i n  t h e  hor izonta l  and v e r t i c a l  
axes ( f igure  7-1). 

The t e s t s  s h a l l  be conducted i n  accordance w i t h  sec t ion  9, pro- 
cedure Ia  of KSCSTD-164( D)  . 
Acceleration s h a l l  be measured by accelerometers mounted on the  
t e s t  specimens. 

The specimens s h a l l  be monitored f o r  contact cha t t e r  during each 
v ibra t ion  t e s t .  

A funct ional  t e s t  s h a l l  be performed p r i o r  t o  t h e  v ib ra t ion  t e s t s  
and immediately following t h e  s inusoida l  sweep and random exci- 
t a t i o n  t e s t  i n  each a x i s .  

TEST PROCEDURE 

The t e s t  specimen was i n s t a l l e d  on a v ibra t ion  f i x t u r e  and t h e  
f i x t u r e  was mounted on t h e  v ib ra to r .  All necessary e l e c t r i c a l  
and pneumatic systems were connected. 

A funct ional  t e s t  was performed according t o  sect ion I V .  

The resonant frequency search was performed while v ib ra t ing  the  
specimen a t  t h e  input l e v e l  spec i f ied  i n  t a b l e  11-1. 

The specimen contacts were monitored f o r  cha t t e r  w i t h  t h e  t e s t  
specimen actuated from 5 t o  3000 cps and deactuated from 3000 t o  
5 cps. 

The s inusoida l  search was performed while v ibra t ing  t h e  specimen 
a t  the 1/3-octave center frequencies ( t a b l e  7-2). The input  
l e v e l  was increased u n t i l  func t iona l  degradation occurred o r  
u n t i l  the  m a x i m u m  l eve l  was a t ta ined .  

The specimen contacts were monitored f o r  cha t t e r  w i t h  t h e  t e s t  
specimen actuated. 

The s inusoida l  sweep t e s t  w a s  conducted a t  t h e  l eve l s  spec i f ied  
i n  t a b l e  11-3. 

The specimen contacts were monitored f o r  cha t t e r  w i t h  t he  t e s t  
specimens actuated from 10 t o  2000 cps and deactuated from 2000 
t o  10 cps. 
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11.2.9 

11.2.10 

11.2.11 

11.2.12 

11.3 

11.3.1 

11.3.2 

11.3.3 

11.3.4 

11.4 

11.4.1 

11.4.2 

11.4.3 

A func t iona l  t e s t  w a s  performed a f te r  t h e  s inusoida l  sweep t e s t .  

The random e x c i t a t i o n  t e s t  w a s  conducted by v ib ra t ing  t h e  speci-  
mens a t  t h e  l e v e l s  specif ied i n  t a b l e  11-1. 
were monitored f o r  c h a t t e r  wi th  t h e  t e s t  specimen ac tua ted  (pres- 
sur ized)  during t h e  f i rs t  four  minutes. 
of v ib ra t ion  t h e  specimen w a s  actuated and deactuated as many - 
times as was possible.  

The specimen contacts  

During t h e  f i n a l  minute 

A func t iona l  t e s t  was performed a f t e r  t h e  random e x c i t a t i o n  t e s t .  

Steps 11.2.2 through 11.2.11 w e r e  performed on each specimen i n  
t h e  X-, Y-, and Z-axes. 

TEST RESULTS 

Contact cha t t e r  w a s  observed during t h e  s inusoida l  search of 
specimen 1 i n  t h e  X- and Z-axes. 
curred a t  approximately 25 cps during t h e  Y - a x i s  s inusoida l  
downsweep. No contact c h a t t e r  was observed. The operat ing 
pressures  during t h e  func t iona l  t es t s  were a l l  wi th in  t h e  speci-  
f i e d  limits. 

llBottomingT1 of specimen 1 oc- 

Contact cha t t e r  was observed during t h e  s inusoida l  sweep t e s t  of 
specimen 2 i n  t h e  X-and Z-axes. The input  l eve l s  were reduced 
u n t i l  no degradation occurred. The ac tua t ion  pressure w a s  out- 
s i d e  t h e  spec i f ied  limits a f t e r  t h e  Z - a x i s  s inusoida l  sweep and 
a l s o  a f t e r  t h e  Z - a x i s  random v ib ra t ion  t e s t .  

Contact cha t t e r  was observed during t h e  s inusoida l  search of 
specimen 3 i n  t h e  X - a x i s  and during t h e  s inusoida l  sweep i n  t h e  
Z - a x i s .  During t h e  s inusoida l  sweep i n  t h e  Z-axis, t h e  s e t  pres- 
sure  d i a l  pointer  f e l l  o f f  a t  approximately 40 cps ( f igu re  11-1). 
The operat ing pressures were a l l  wi th in  t h e  spec i f ied  limits 
during t h e  func t iona l  t es t s .  

The shock mounts on t h e  specimens were damaged during t h e  vibra-  
t i o n  tests.  
and a l l  were s l i g h t l y  gouged around t h e  support posts.  
mounts e f f ec t ive ly  i s o l a t e d  t h e  specimens above 125 cps. It w a s  
concluded t h a t  t h e  major resonance of t h e  specimens occurs 
between 25 and 40 cps and t h e  specimens a r e  subject  t o  llbottomingll 
due t o  excessive weight on t h e  shock mounts. 

Some had cu t s  i n  t h e  f l e x i b l e  port ion of t h e  mount 
The 

TEST DATA 

Data recorded during t h e  v ib ra t ion  func t iona l  tes ts  are recorded 
on t a b l e s  11-4 and 11-5. 

A s inusoida l  input p lo t  (acce lera t ion  versus frequency) i s  pre- 
sented i n  f igu re  11-3. 

A t y p i c a l  random equal iza t ion  p lo t  i s  presented i n  f igu re  11-4. 
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Table 11-1. Vibration Test Levels 

( CPS 1 

5 t o  3000 
3000 t o  5 

10 t o  2000 

Resonant Frequency 
Search 

Level 

1.Og peak 
1.Og peak 

7.1 grms I Random 

Frequency 
( CPS 1 

20 

25 

32 

62 

T: -,. 
I LlllG 

(minutes ) 

Input Level 
(g Peak) 

4.5 

7.5 

12.8 

18.0 

1 5  

5 
I I 

Table 11-2. Contact Chatter Observed During Sinusoidal Search 

? 
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Table 11-4. Functional Test Operating Pressures Before Vibration Tests  

Average 
Actuation 
Pressure 

( P S i d  

Specimen 
Number 

Specif ied 
Actuation 
Pressure 

(psig)  

Average 
D i f f e r e n t i a l  

Pressure 
( p s i  1 

* Out of to le rance  (not readjusted a f t e r  t e s t )  

Specif ied 
Di f f e ren t i a l  

Pressure 
( p s i  m a . )  

Test 
Axis 

5 
6 

* 58 

X 

30 

30 

55 

Y 

I Specimen 1 

Z 

Specimen 2 Specimen 3 

Test 

Sine 

Random 

Sine 

Random 

Sine 

Random 

Average 
Actuation 
Pressure 

(ps ig)  

98 

98 

97 

98 

98 

98 

Table 11-5. Vibration Functional Test Operating Pressures 

5 

5 

89 

89 

5 

5 

j +  83 

* 83 

----I-- 
4 I 89 

620 

5 I 620 

5 I 613 

617 

Out of to le rance  (not readjusted a f t e r  t es t )  

Specif icat ion Levels 

Specimens 1 and 2 

Specimen 3 

Actuation Pressure 
(ps ig)  

100 (215) 

Average 
)iff e r e n t i a l  

Pressure 
( p s i )  

52 

5 1  

51 

50 

54 

53 

Dif fe ren t i a l  Pressure 
( p s i  m a . )  

30 

55 

11-5 



11-6 



.rl 
Q 
cd 
k 

11-7 



--. . 

. .-. 

0 
8 n 

k 
e, 
t, 
e, 

k 
e, 
d 
e, 
0 
0 
4 

F! 

rl 
0 
k 
t, 
C 
0 
0 

0 
0 
(v 

8 
c 

0 
c 

11-8 



3 
0 
d a 



12.1 

12.1.1 

12.1.2 

12.1.3 

12.2 

12.2.1 

12.2.2 

12.2.3 

12.2.k 

12.2.5 

12.2.6 

12.2.7 

12.3 

12.3.1 

12.3.2 

12.3.3 

TEST REQUIREMENTS 

Test specimens 1, 2, and 3 s h a l l  be subjected t o  5000 cycles of 
operation. A cycle s h a l l  consis t  of one actuat ion and one de- 
actuat ion of t h e  specimen. 

The contacts of each specimen s h a l l  have a 28 vdc, 3 ampere 
r e s i s t i v e  load applied during t h e  cycle t e s t .  

A funct ional  tes t  as  prescribed i n  sec t ion  I V  s h a l l  be performed 
p r i o r  t o  t h e  cycle tes t  ( i f  more than 72 hours has elapsed s ince  
t h e  last  funct ional  t e s t )  and following each 1000 cycles of  
operation. 

TEST PROCEDURF; 

The t e s t  setup was assembled as  shown i n  f igu re  12-1 using t h e  
equipment l i s t e d  i n  t a b l e  12-1. 

The r e s i s t i v e  loads were adjusted t o  l i m i t  t h e  current through 
t h e  specimen contacts t o  3 amperes. 

The repeat cycle timers were adjusted SO t h a t  t he  specimens were 
actuated f o r  3 seconds and deactuated f o r  3 seconds during each 
cycle.  

Pressure regulator  3 was adjusted t o  provide 110 psig actuat ion 
pressure t o  specimens 1 and 2. 

Pressure regulator 4 was adjusted t o  provide 650 psig ac tua t ion  
pressure t o  specimen 3. 

The t e s t  specimens were monitored f o r  proper operation using 
event recorder 11. 

A funct ional  test  w a s  performed a f t e r  each 1000 cycles of 
operation. 

TEST RESULTS 

The specimens actuated and deactuated during each cycle of 
operation. 

The specimens operated within t h e  spec i f ied  l imi t s  during t h e  
func t iona l  t e s t s  performed after each 1000 cycles of operation. 

During t h e  pre tes t  func t iona l  of specimen 2 and a f t e r  2000 cycles 
of operation, both ind ica to r  lamps ( f igu re  4-2) were o f f  in te rmi t -  
t e n t l y  between 79 and 84 psig.  
t h e  actuat ion lamp would f l i c k e r  on and of f  between 79 and 84 psig.  

Occasionally, during pressurizat ion,  

12-1 



12.4 

12.4.1 

TEST DATA 

Data recorded during t h e  cycle tes t  a r e  presented i n  t a b l e s  
12-2, 12-3, and 12-4. 

. 
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Table 12-1. Cycle Test Equipment List 

c 

- 
Item 
NO 

1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

- 

It em 

rest  Specimens 

kseous Nitrogen 

Pressure Regulator 

?resawre Regulator 

?resawre Cage 

?ressure Gage 

Solenoid Valve 

Solenoid Valve 

Repeat Cgcle Time1 

Power Supply 

Event Recorder 

Load Banka 

Ammeter 

. 

Manufacturer 

Helicoid Gage 

Heise 

Marotta Valve 
brp. 

Marotta Valve 
mrp. 

m u s t r i a l  Time'r 
carp. 
Perkin Electronic 

Techni-Rite 
Electronic8 

C(SD 

Simpson 

Hodel/ 
nrt No. 

4231-1 
4231-2 

NA 

l5LxH 

1800T 

H 3 5 W  

moo 

moo 

ET-15s 

NA 

TR-120 

NA 

NA 

- 

Serial 
No 

NA 

NA 

NA 

NA 

NA 

0'121,LR 

NA 

NA 

NA 

63-293 

010461 

NA 

NA 

Pressure Switch 

650 psi 

0 t o  160 psig 
21% Fs 
11-12-66 

0 t o  1000 psig 
+l% - Fs 

11-12-66 

Cal date 

Ca l  date 

3000 ps i ,  NC 

3000 psi, NC 

3 seconds each 

28-vdc, N-amp 

3-amp, 28-vdc 

0-to 10-ampere 
(bui l t  i n to  
load banks) 
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Operating Pressures f o r  Specimen 1 

Di f fe ren t i a l  
Pres sure  

( p s i )  

5 

5 

5 

6 

5 

6 

Table 12-2. Cycle Test 

Specif ied 
D i f f e r e n t i a l  

Pressure 
( p s i  m a . )  

30 

30 

30 

30 

30 

30 

Number 
of 

Qcles 

0 

1000 

2000 

3000 

4000 

5000 

Average 
Actuation 
Pressure 

(ps ig)  

98 

98 

98 

98 

98 

98 

Table 12-3. Cycle Test Operating Pressures f o r  Specimen 2 

Average 
Actuation 
Pressure 

(ps ig)  

* 84 

85 

86 

86 

85 

86 

Number 
of 

Cycles 

0 

1000 

2000 

3000 

4000 

5000 

Specif ied 
Actuation 
Pressure 

(ps ig )  

100 (515) 

100 (215) 

100 (215) 

m o  (215) 

100 (515) 

100 (215) 

* Out of tolerance (not readjusted a f t e r  t e s t )  

12-4 

~~ 

Dif fe ren t i a l  
Pres sure  

( p s i )  

5 

5 

6 

6 

5 

6 

Specif ied 
D i f f e r e n t i a l  

Pressure 
( p s i  max.) 

30 

30 

30 

30 

30 

30 

. 



Table 12-4. Cycle Test Operating Pressures f o r  Specimen 3 

Number 
of 

Cycles 

0 

1000 

2000 

3000 

lcooo 
5000 

Average 
Actuation 
Pressure 

(ps ig)  

614 

613 

613 

612 

613 

613 

- _ _ ~ -  

Dif fe ren t i a l  
Pressure 

( p s i )  

52 

50 

50 

51  

50 

5 1  

Specif ied 
Di f f e ren t i a l  

Pressure 
(psi ma.) 

55 

55 

55 

55 

55 

55 
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Figure 12-2. Typical E l e c t r i c a l  Connection f o r  Cycle Test Schematic 
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13.1 

13.1.1 

13.1.2 

13.1.3 

13.2 

13.2.1 

" 
13.2.2 

13.2.3 

13 -3  

TEST REQUIEZPIENTS 

A burst  pressure t e s t  shall be performed on specimens 1 and 3. 

Test specimens 1 and 3 ehall not burst  when subjected t o  pres- 
sures of rs25 psig and 1875 psig, respectively, for  5 minutes. 

Hydraulic f l u i d  M I L - H - ~ ~ O ~  s h a l l  be used as  the  pressure medium. 

TEST PROCEDURE 

Each t e s t  specimen was placed i n  a burst  chamber and connected 
t o  t h e  hydraulic pressure system shown $.n figure 3-lusing t h e  
equipment listed i n  t a b l e  3-1. 

The specified pressure was applied t o  t h e  input port of each 
t e s t  specimen and was maintained f o r  5 minutes. 

The specimens were inspected for evidence of cracking o r  rupture 
after the  test. 

TEST RESULTS 

There was no leakage of the specimens and there  was no evidence 
of i n t e r n a l  o r  external damage. 
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